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A spaceship is located at the point marked with a 
star and is attempting to reach the upper right corner, 


marked with a triangle. For convenience, the area has & 


been scaled on one parsec, forming a unit square. The 
spaceship is located at (.100,.100). Its movements are 
constrained two ways: 


1) Its coordinates may be altered by 


squaring Ss 
cubing Cc 
square rooting 2 
cube rooting 3 


2) It may not enter or cross some danger areas, 
indicated by the circles. The large circle has a diameter 
of .25 and is centered at (.500,.500); the small circles 
each have diameters of .075 and are evenly spaced along 
Chem ne Yeas —k + 2.5. 


At any stage, then, the ship has 16 possible moves. 
From its initial position, it may move to one of these 
16 positions: 
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nine of which are indicated by tiny circles. For only 
four of the 16 possible moves is the ship proceeding 

toward its goal, and one of those (.464,.464) lies ina 
danger area. Suppose that the captain decides to apply 
the transformation 3 2 (that is, the cube root on X and 

the square root on and move his ship to (.464,.316), to 
the point indicated by the arrow. For his next move, then, 
he again has 16 choices: 


5 EAS) 
-6O1 


iS) 
C 
C 
C 
2 
C 
5) 
Cc 


and so on. He must continue to choose moves that will 
guide the ship toward the goal without entering or 
crossing the danger areas; that is, the straight lines 
that connect his move points must not intersect the danger 
circles. When both coordinates exceed .99, the goal will 
be reached. 


(A) What choices should the captain make? 


(B) What is the smallest number of moves that will 
get the spaceship to its goal? 


(C) What is the shortest distance to the goal? 
(The length of a side of the unit square shown 


is 19.15 x 102° miles). 
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Numerical Analysis vs Numerical Methods 


Numerical Analysis (NA) is a traditional subject in mathematics. 
It deals with the theory and algorithms of such topics as; function 
evaluation; error analysis; finite differences; roots of equations; 
roots of systems of equations; numerical integration; numerical 
solution of differential equations; calculation of eigenvalues. As 
presented by mathematicians, the subject involves derivations, 
existence proofs, closed-form solutions, and analytic expressions 
of error bounds. 


Numerical Methods (NM) is a subject in computing. It covers 
the same topics listed above, but from an entirely different point 
of view; namely, that of coercing answers from a computer (or from 
a desk calculator) and providing some means of validating those 
answers. In addition to the traditional topics, a Numerical Methods 
course may include many other topics of computational interest, such 
as factor analysis, chi-squared analysis, curve fitting, and the 
analysis of parametric equations. 


Since the heart of the study of NM is usually the computer, the 
differences between the two subjects are profound. To begin with, 
mathematicians operate in a world in which all numbers exist. In 
the world of computers, most numbers do not exist. Numbers like 
pi and e obviously do not exist, but neither do simple numbers like 
Wl In single-precision integer work on a 32-bit machine, there 


are exactly 232 numbers all told. In 8-digit decimal scientific 
notation (i.e., normal Fortran) with an exponent range of + 100, 


there are about 18°10? numbers all told (the high order digit of 
the mantissa is not allowed to be zero. Since the internal 
representation is probably binary or hexadecimal, the actual 
number of numbers is slightly different). The range can be 
extended through multiple precision, but no matter how far the 
precision is extended, there is always a finite limit (and the 
number 1/7 still does not exist). Thus, comforting assumptions 
that can be made in NA, Such as 


Ae(i/A) =1 
6 )*= 8 


(A+B) +C =A+t (B+ C) 


are not valid in computing. Further, if scientific notation is 
used, as it usually is, the number system is not uniformly dense; 
that is, the packing of numbers near zero is tighter than at each 
decade removed from zero. At the far limits of the so-called 
floating point system, using 8 significant digits and a range of 
+100 on the exponent, the closest that two successive numbers can 
be to each other is 1072, (If the smallest distance between 
Successive numbers near zero is expressed as a micrometer, then the 


‘distance between successive numbers at the limit of the system is 


around 10/9 light-years). This non-homogeneity produces some 
odd and unpredictable effects on what would otherwise be simple 
calculations. 


In mathematics, formulas like 
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In(1+z) = z - (1/2)2* + (1/3)2° - tee 


can be invoked; it is those three dots at the end that mark a 

Sharp line of ditinction with Numerical Methods. Not only is it 

not possible to carry out an infinite calculation, but the formulas 
are somewhat misleading, since they may call for extended calculations 
at parts of their range that are not feasible. In the world of NM, 
we deal with finite machines and also finite amounts of time. The 
harmonic series, 


1+ 1/2 + 1/3 + 1/4 + 1/5 +e-+ Ik 


is divergent mathematically; in a world of finite arithmetic it 
converges (see PC9-14). 


In NA, the concept of continuity leads to techniques that aid 
in problem solution. In NM, due to the discrete nature of all 
numbers, the concept of continuity may be missing. In NA, a 
matrix is either singular or non-singular; in NM, there can be 
"almost singular" matrices. Division by zero is outlawed in both 
fields, but in NM division by "nearly zero" is also dangerous, and 


usually more so (since zero is easily tested for, but "nearly zero" 
is not). 


There have been hundreds of books in NA, but few, to date, in NM. 
Most books which pose as NM books are simply NA books with some 
passing references to computers, or to Fortran. An outstanding 
exception is the book by Forman Acton, Numerical Methods That Work*™ 
which is pure NM from page 1 on, and pure gold throughout. Some of 
the flavor of Acton's book comes through in his discussion of a 
problem posed by Wilkinson™, Take the polynomial 


(x+1) (x+2) (x+3) (xt4) o**(x+19) (x+20) = 0 


This equation has 20 real roots, nicely defined. The expanded form 
of the polynomial is: 


x29 + 230x219 + 20615x18 +..++ 2432902008176640000 = 0. 


Wilkinson changes the coefficient of x19 by adding 27°7. This 
changes the 210 to 210.00000011920928955078125 (a change of one unit 
in the 10th significant digit). To quote Acton, "Our intuition 
suggests that such a slight change could not seriously affect the 
roots of the polynomial, but our intuition is wrong\" Accurate 
calculation of the roots shows them to be; 


LE SSS 
*Harper & Row, 1970. The title quoted is what appears on the 


title page, but the cover has added to it the word "usually," 
pressed into the cloth. 


**"The evaluation of the zeros of ill-conditioned polynomials," 
Numerische Mathematik, 1 (1959), pages 150-166. 
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-0.99999 99999 99999 99999 99990 
-2.00000 00000 00000 00976 20 
-2.99999 99999 99805 23297 6 
-4.00000 00002 61023 18914 
-4 99999 99275 51537 90956 
-~6.00000 69439 52295 70720 
-6.99969 72339 36013 949 
-8.00726 76034 50376 855 
-8.91725 02485 17070 494. 
-20.84690 81014 82 

-10.09527 + 0.643501 

-11.79363 + 1.652331 

-13.99236 + 2.518831 

-16.73074 + 2.812621 

-19.50244 + 1.940331 


"We see that serious changes have appeared in all the roots from 

-~9 to -20, with 10 of them becoming complex. Not even slightly 
complex, either; the imaginary parts are large. All these changes, 
it must be emphasized, are real. They are not mistakes in 
computing the roots; rather they are actual changes in the roots 

of our polynomial produced by changing one of its coefficients 

by one in the 10th significant figure. If we must find the roots 
of this polynomial, we must certainly perform all our arithmetic 
with an accuracy greater than ten significant figures, no matter 
what algorithm we use, and our algorithm must not let us stop 


before each root is determined to an accuracy sufficient not to 
perturb the further roots we have still to find. 


“This example is horrifying indeed. For if we have actually 
seen one tiger, is not the jungle immediately filled with tigers, 
and who knows where the next one lurks?" 


Acton's book is a constant delight. There is something worth 
quoting on almost every page. Some samples are given here: 


"On an automatic computer, the need to switch all 
arithmetic to complex numbers on the next cycle of an 
iteration is a blasted nuisance, though certainly 
possible. In hand computation, the aggravation is 
possibly less." 


"Since the basic question-answering routine is not 
bothered by multiple roots, it would seem that this 
iterative procedure might be the universal polynomial 
root finder that we seek. Alas nol Tests ona 
number of polynomials, both nasty and nice, show that 
Lehmer finds roots about as precisely as one of the 
unattractive standard packages but takes three times 
as long. (The package includes a stepping search 
leading to Newton in one dimension for the real roots, 
Bairstow for quadratic factors, and a final Newton 
polishing.) Thus we are faced with one of those 
unpleasant triumphs of the efficiency of brute force. 
We can only take solace in that they seem to be rare." 


»° 


e "A system cannot do everything: There will 
always be some extremely nasty polynomials which will 
frustrate it and cause it to fail to find some of 


the roots." 

e "The student who worships at the altars of 
Classical Mathematics should really be warned that 

e his rites frequently have quite oblique connections 
with the external world." 

@ "At a somewhat trickier level, the person who 
wrote, but did not clearly document, a vector output 

e subroutine so that it needed the address of the vector 
not the number of items to be put forth was quite 
mystified when irate customers who wanted 10 or 12 

© items were swamped with 24371 of them--their number 
of items, N, being stored typically in location 

) 24371. Fortran, it must occasionally be remembered, 
always passes addresses to subroutines regardless 

e of what its notation may imply to the casual observer. 
This last example is merely one of hundreds of 
troubles that are produced by programmers who are 

® insensitive to the interests of the users of their 
programs. They fail to match properly their 

@ program impedances with probable human inputs.” 

@ "Having hinted darkly at my computational 
fundamentalism, it is probably time to commit a 

e public heresy by denouncing recursive calculations. 
I have never seen a numerical problem arising from 
the physical world that was best calculated by a 

9 recursive subroutine--that is, by a subroutine that 
called itself. I admit the idea is cute and, 

fe) once mastered, it tends to impel its owner to 
apply it wherever possible--all questions of 

e appropriateness aside." 

. "Whenever a person eagerly inquires if my 
computer can solve a set of 300 equations in 300 
unknowns, I must quickly suppress the temptation 

e to retort, ‘Yes, but why bother?!" 


Probably the biggest difference between NA and NM is found 
in the computer's ability to do dog work. In a sense, NM 
admits of some sloppiness (although we usually wind up trying to 
squeeze one more digit out of our calculations). For example, 
take the notion of rounding. At one time, rounding was a 
statistical technique, as seen in the 1948 edition of Snedecor's 
Statistical Methods: 


"Tn rounding, numbers like 13.51 are increased to 14, 
while such as 13.49 are lowered to 13. The dividing line 
being 13.50, what shall be done if this particular number 
appears? In order to insure increases and decreases in 
approximately equal proportions, a good rule is to round to 
the nearest even number. Thus, 13.50 and 14.50 would each 
be rounded to 14," : 
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With the advent of computers, the rule became much simpler: add 5 

in the position to be dropped. The theory is that with computers, 
one can always arrange to carry more places--precisely the dog work 
principle mentioned above. 


Since NM is a computing subject, it reduces to a course in 
problem solving with computers. The problems to be solved 
happen to be the fundamental problems of NA, but subject to the 
power of the computer and to its limitations and booby traps. 
The solution guaranteed us (perhaps in closed form) in NA must 
first of all be programmed, and that immediately introduces the 
complexities and awkwardnesses of whatever programming language 
we use. Then that program must be compiled. Robert Teague!'s 
colum, "Speaking of Languages..." points out repeatedly the 
hazards of that process. And even assuming that compilation 
proceeds smoothly, there are awesome tigers waiting to pounce 
when finite, non-homogeneous arithmetic is applied to what should 
be a Straightforward procedure. 


Anyone who has taught computing has had the experience of 
receiving a student's project report, frequently representing 
a semester's work, that displays as output what is patently 
garbage of the worst sort. The student involved has apparently 
not heard a single word of caution about the necessity of 
validating his results, and proudly presents his nonsense as 
truth (after all, the printing did come from a computer). He 
has probably made one of the following blunders: 


1. He has utilized a packaged routine in a way not 
anticipated by its author, such as invoking the package 
outside its normal range. 


2. He has totally perverted the theory of a package. 
An example of this is coding a random number generator in 
floating point, where the whole theory demands integer 
arithmetic. 


3. He has used a technique that works in theory 
(such as a series calculation) but fails in practice, due 
to the finite nature of the computer's processes. 


4, He has used a brute force method (e.g., solving 
a combinatorial problem by exhaustion) and wasted hours of 
CPU time on less than 1% of the combinations, but "reasoned" 
that the hours of time must, somehow, have made a dent in 
the exploration of the solution space. 


5. He has obtained correct results but failed to 
display them properly, due to obvious misuse of FORMAT 
statements in the output. 


If the two subjects are indeed different and distinct, even 
though they seem to cover much the same ground, then the student 
of computing would be well advised to take both of them, provided 
that both are offered. If only one course is offered, then the 
differences and distinctions should be pointed out at every place 
that they occur. 


» © 


Incidentally, Wilkinson's equation provides fertile ground 
for further work in a semester term project. The 21 
coefficients of the polynomial are as follows: 
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nis 
210.00000 01192 09289 55078 125 

20615. 

12 56850. 

533 27946. 

16722 80820. 

4 01717 71630. 

75 61111 84500. 

1131 02769 95381. 

13558 51828 99530. 

1 30753 50105 40395. 

10 14229 98655 11450. 

63 03081 20992 94896. 

311 33364 31613 90640. 

1206 64780 37803 73360. 

3599 97951 79476 07200. 

8037 81182 26450 51776. 

12870 93124 51509 88800. 

13803 75975 36407 O4000. 
8752 94803 67616 00000. B 

2432 90200 81766 40000. 


Mo OR OF 


Log 23 1.361727836017592878867777 112251189549697 511034 336096 
Ln 23. 3.1354942159291496908067528318101961184423803148404 36 
V23  4..7958315233127195415974 38064 162693919996707041904129 
W23  2.84386697985156547 76954 394. 009586518527641651727 37048 
¥/23-1.8721712305548574166956578814 5194 320097 2866467087929 
1.5650656079602395951240551544608721609869126 35145099 
V23 -1..3682730833261529217 66 305824885997992351749119156794 
W23-1.03185168656154033089285447901518827 24746068697 54222 


273 9744803446 .248902600034632684822975277649387 764036006 
976355903227801470169706381193194790280416 


e3 271923706893 .6159300609803282232557956590765370283841 
27146449549 3078769867 68580268297 12655789 


tan ~ 23 1.527345431403365777158147 347 513759880591100019705448 
14886191506 363039 3937915565865597 54231987 119653801368 


6865769882092224.3327 8539331 35215239014 3277 34680423347 
6592179447 310859520222529876001 


N-SERIES 23 
yy 


PC23-10 


The Penny Flipping Problems 


OO0O000 


2 o0000r 
3 ooo00o0r 
4 oO00ORP 
5 O000HPH 
6 DOOHHRHE 
( Qeonee 
8 COOrRKHO 
9 OCOOrRPFO 


1 
10 


In the book SIMULA BEGIN (Auerbach Publishers, 1973), 
the Penny Flipping Problem is given as an illustration of 
the power of the SIMULA language. The problem is attributed 
to Iain Bride and John Gilder of the University of Manchest@ 
Institute of Science and Technology, and is as follows: 


A pile of N pennies is arranged so that each penny 
is heads up. We define an operation FLIP(M) on this pile, 
which removes the top sub-pile of M pennies, turns the 
sub-pile upside down and replaces them on top of N - M 
pennies remaining. The consecutive operations 


FLIP(1),FLIP(2),...,FLIP(N),FLIP(1),FLIP(2),... 


are repeated until the stack returns to all heads. The 
value of F for a given N is the number of flips required 

to return the stack to heads. For N = 6, the 35 flips are 
shown in this list, where O stands for heads and 1 for tails. 


OPrPOHPH 
OHPHPOHO 
15 Orem eo 


16 
17 


OPRPHOR 

OrOKCO 
M3) Opaque 
19 HPorocor 


20 
21 
2 


OOOKCO 
ll Q@ePHe= 
OOoHrCOH 
HOHOOO 
POROHE 
FPORPOOL 
POOrRHO 
rPRrROOrHF- 

A) OGM Age 
V1 olos =i aon) 
27 OoOorror 

28 cOoKOHO 
29 OOrOrO 
OrOrOF 
OrOrOH 
OFOHOO 
OrOrKREHH 
OHOOCO 
OrRPPRHYH 

@* COCCOO 


12 
13 
14 
23 
24 
33 
34. 
35 


30 
i) 
32 


We shall refer to the original problem as PF-I. The 


functional values for stacks of coins up to 32 are given in 
the accompanying table. (See page 12) 


The original Penny Flipping Problem is already famous, 
but more for its vaiue in demonstrating the elegance of 
SIMULA than its interest as a problem. No theoretical 


evidence has been presented to conclude that the stack 
will return to all heads. The number of permutations of 
N objects is limited, of course, but there remains the 
possibility of cycling among the (N!) permutations, with 
the cycle not including the winning arrangement. Notice 
that the problem is not serial in nature; that is, one can 


PROBLEM 7 7 


seek the value of F(100) without having found any prior 
Thus, many people can work independently on 
extending the function. % 


values. 


The problem can be made more interesting in the 
following way. Turn over M pennies at each flip, but 
alternately from the top and bottom of the pile of N. 

The following list shows the 36 flips for N = 6 in this 
second version, called PF-II. The value of the function 
is similar to that of the original problem for small N, 
but becomes larger as N increases. 


A+1 


A+2 


A+4 


A+7 

e 
A+11 

16 

A+16 


LOOLLOOCOOTAC TO Ow wawo@g wore rttoraioeeadl 
eee OO ONO OO 2 LO VO) ONO) (OO) Oe ee LO Ome 
GQLDLALOOUSOOOOLO TL Ovo OMOooOogdlottitloga 
OOOOOONIIAOOOOMONLV gaat grogw~dsaarou 
L@O@GOOMOAULAROOVTOVMAOOOw—ITAIEGG@EOLLOE: 
LRALARUALADLO OAM OO cvoooorroorrnn a 
HOP OASAVOS OLAS ASARHRLEHSD ZARA ARB 


Entries in the table of values for PF-II are 
solicited from readers. Preliminary work indicates that 
the functional values for PF-II may be quite large; for 
example, for a stack of 44 coins, 230384 flips are needed. 
Those who wish to extend this research are urged to pick 
values of N above 50, so that the work of different people 
will extend the knowledge of the function. 


A third problem (PF-III) suggests itself. Consider 
a triangular array of pennies, as shown. Starting as 
before with all heads up, the play proceeds as follows. 
Starting at the top (at the circle labelled 1), flip one 
row, then two rows,..., then all of the array. Now 
work from the lower left corner (the circle labelled 22), 
and flip successive rows. Then work from the lower right 
corner (the circle labelled 28), flipping one, TWOlmelerets 
all rows. 


For computer work on PF-III, the problem is simplified 
by inclusion of a subroutine to rotate the array in storage. 
See Figure H. Given the array of numbers in storage, the 
contents of the array is to be moved to a second array to 
perform the rotation (120° clockwise). The second array 
is then moved back to the original storage locations, so 
that the instructions for flipping can operate on the same 
words, PF-III itself is probably not as interesting a 


problem as PF-II, but this sub-problem of rotating an array 
of numbers in storage is a delightful exercise in computer 
logic. 


17 11 
Be Bt+3 

18 12 1 
Bt4 BtS B+6 


B+7 BtS Bt  B+10 


17 18 


413 A+14 A+15 Btll Btl2 B+l3 B+l4 B+15 


—— 


A+17 A+18 A+19 A+20 A+21 B+16 B+t17 B+l8 B+tl9Q B+20 


olorokolone) 
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Known results for the three Penny Flipping Problems 


N I Il IIL 

J 2 2 2 

2 3 3 6 

3 9 3 8 

4 11 11 12 

5 2h 20 

6 35 36 

we 28 70 

8 31 55 

g 80 80 

10 60 295 

11 121 121 

12 119 119 

13 116 130 

14 195 1176 

15 15 300 

16 79 1440 

17 204 1428 

18 323 576 The functional values 
19 228 2128 for PF~II were calculated 
20 199 320 by Thomas Sardi. 
21 146 ALO 
22 264 483 

23 529 2622 

24 504 432 

25 200 1900 

26 675 780 

27 540 4320 


Almost Primes Plus Two 


To make sure that the rules for PF-III are clear, 
for the case N = 7 shown in the illustration, the 
successive flips would involve these coins: 
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in 
wee 3 
Duo Stes eS. 6 
1 2 3. & 6 4% 8 ee Mo 
ieee ono 7 6G) 9 slOn Ma Loses Ay 5 
COMES Taro (6) Stet e e elG 20 221 
ie 2's? 3 (the entire array) 26 27 28 
22 
22 16 23 


22 WS 2s} alal aly eye 
Pemioees tae 2 7 2) 18) 25 


eralowegeliem7 24) o. 0. ifs) 25 Mh {8 is) 36) 26 
BQ IW Bs} aa gp eee A 5 Gi pi) 27 

ac 16 23 (the entire array) 15 21, Ae 

2 

28 21 27 


28 21 27 15 20 26 

28 21 27 15 20 26 10 14 19 25 

Pemcileeials 20)26 10 14 198250 6 9 13) 18> ey 
Comeolmeienl> 20) 26.20 92... cies he ay . Bs} 
28 212715 (the entire array) 


Ik 
* e 
4 5 6 etc, 


What is the probability that the number AB+2, where 
A and B are odd primes, is prime? 


131 ° 139 = 18209 18211 is prime 
149 - 151 = 22h99 22501 is prime 
AUSwl OF alSy/ 3 Is AON/ 23709 is composite. 


A short computer run was made by Dorothy Cady, 
using the primes between 101 and 2003 for both A and B, 
indicating that the answer is around .10; that is, 
about nine times out of ten, AB+t2 is not prime. 


Further research into this problem is needed, either 
with larger values for A and B, or with many more values; 
or there may be an analytic solution. 


propiem 7D 
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An old problem (E2190) in the American Mathematical 


Monthly called for a proof of this statement: @ 
If N and M are positive integers, then the smaller of fo) 
a foe) 
Vn and Vm Pa 
I a 
cannot exceed V3 0 This appears to be true. 2 


If we now add the constraints that N#M and that both 
N and M be less than 1000000, then there is_a computational 
problem; namely, how close can we get tovw/3 ? 


Four blocks of storage each contain 1000 numbers. 
Write a program to count how many of the numbers: 


A Appear in all four blocks. 

B Appear in any three of the blocks. 
C Appear in any two of the blocks. 

D Appear in only one block. 


Indicate how this program might be tested. 


Common Data 


PROBLEM 8 1 


In PC21-9, the calculation of e was shown as applied 
directly to the Taylor series expansion of e*. 


Dr. John Wrench points out that his calculation, with 
Daniel Shanks, in 1961 went to 100265 digits. He also 
points out a different algorithm, the one used by D. J. 
Wheeler in 1953: 


a, = (1+ ay )/(n marie) 
ay = 1/n 
which converges to e-1 after n-1 steps with an error of 
the order of 1/n! For n = 15, for example, 
ay = .06666666666667 
a, = (1/14)(1.06666666666667) = .07619047619047 
A> = (1/13)(1.07619047619047) = .08278388278388 


1.71828182845899 


AYE, 


© Terms in Computing for the Deaf 


California State University, Northridge, has 
produced four films of American Sign Language of terms 
in computing and data processing, for use by deaf students. 
Each film contains 30 terms, taken generally in the order 
of frequency of use in a beginning course in computing; 
that is, film No. 1 contains the most-used terms. 


oy. 
The films are in color and run at sound speed (24 4 
frames per second), although there is no sound track. 
At this speed, each film runs approximately six minutes. 


The films can be run at silent speed; the screen time of 
each film is then approximately nine minutes. 


A term, such as "computer," is presented to the 
viewer three times. First, the term is spelled out. 
Then the sign for the term is shown, seen from the front 
as the recipient would see it. At this time, the term 
also appears on the screen in english letters, and the 
signer is also seen saying the term. At the third 
appearance, the sign is made again, but seen from the 
rear as the user would view it, and it again appears in 


@ens letters. 


The films, made with the cooperation of CSUN's 
Center on Deafness (Ray Jones, Director), will not be 
Gistributed by the University. Interested groups, on 
request, will be authorized to purchase prints directly 
from the film laboratory, at the laboratory's cost. The 
price for each film is different (due to slightly different 
lengths) and the price will change with time, but roughly 
each print will cost $28 plus shipping; this price includes 
a reel, can, and mailing case. 


The films were made under a grant from IBM, and were 
produced by Fred Gruenberger., The choice of terms, and 
the creation of the hand signs, was done by Robert Teague 
and Carl Kirehner; Mr. Kirchner appears on the screen as 
the signer. Direction and editing were done by John 
Gruenberger, a member of CSUN's Department of Art. 


For further information, contact Prof. Fred Gruenberger 
S California State University, Northridge 91324, phone 
213) 885 2439. 


Some frames from the actual films are included with 
the initial print run of this issue. 
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